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Patterning is of paramount importance in many areas of modern science and 
technology, with applications including the production of integrated circuits, 
information storage devices, miniaturized sensors, micro fluids devices, biochips, 
photonic bandgap crystals, microoptical components, and diffractive optical elements.  
The direct correlation between 3D structures and properties allows a range of new 
materials to be prepared with diverse applications.  The methods for mass production 
of 3D micropatterned structures with controlled size, symmetry, and defects on a large 
scale basis can be categorized into self-assembly and lithography-based techniques.  
The lithography-based techniques often require multiple steps to create any single 
structure.  The advantage, though, is that they are highly suitable to create structures 
with arbitrary complexity.  In comparison, self-assembly approaches are simple, 
mass-producible, and least expensive.  However, it is inevitable to introduce random 
defects.  Breath figure (BF) process is a facilely and cheaply self-assembling 
strategy for the fabrication of large size patterns with an ordered 2D array of holes 
developed by François and coworkers, without the need for time-consuming and 
expensive lithography.  Since condensed water droplets are utilized to work as 
templates, pore size and morphology of the films can be easily tailored and 
dynamically controlled by adjusting the casting conditions.  In this dissertation, we 
employ static saturated water vapor as the source of water droplets instead of moist 
airflow, which is widely used in previous study.  We define this kind of technique as 
static BF method.  With the assistance of nonplanar substrates and chemical vapor 
deposition (CVD) method, we successfully present the static breath figure process for 
constructing 3-dimensionally conformal microporous films and a pair of patterned 
carbon nanotubes with the shape of serial port. 
We employ a commercially available triblock polymer, 
















cover the surface of nonplanar substrates with ordered porous morphology despite the 
sharp corners and irregular shapes, which was ascribed to the fluid-like character of 
the matrix.  In the subsequent vulcanization, the micropatterned polymer films were 
effectively crosslinked and became self-supported even after removing the sacrificial 
templates.  The 3D structures became resistant to a wide range of organic solvents 
and thermally stable up to 350 ℃, an increase of more than 300 K as compared to the 
un-crosslinked films.  The surface features on the 3D structures along the direction 
of the descending solvent level were investigated in detail by scanning electron 
microscopy.  Furthermore, the versatility of this patterning method was also 
demonstrated by forming hierarchical micro-structures on bas-relief Si substrates with 
different patterns.  Particularly, hydroxy groups were introduced into another 
commercially available triblock polymer, polystyrene-b-polybutadiene-b-polystyrene 
by hydroboration.  The functionalized 3D micropatterns feasible for site-directed 
grafting were created by the hydroxyl-containing polymers. 
Research on the synthesis of patterned carbon nanotubes (CNTs) with controllable 
location and orientation has attracted ever-increasing attention.  As a valuable part in 
miniaturized devices, large-scale aligned CNTs with serial port configuration is highly 
desirable.  Here, we reported that the synthesis of a pair of patterned carbon 
nanotubes with the shape of serial port by CVD starting from different breath figure 
templates, cross-linked polymer matrix and ferrous inorganic micropatterns.  The 
growth mechanism of the isolated CNT bundles is attributed to the selectively 
interfacial aggregation of the ferrocene to the walls of the cavities, a so-called 
Pickering-emulsion effect, whereas the honeycomb-like skeleton of the dense CNT 
arrays develop from the catalytically functionalized hexagonal edges.  This synthesis 
strategy exemplifies a new possibility for making use of CNTs to fabricate functional 
carbons with unique geometry or specific properties in a controllable way.  We 
expect that the methodology can be also applied onto the fabrication of patterned 
boron nitride nanotubes (BNNTs). 



















1.1 引言 ·················································································································1 
1.2 三维微纳米图案的构筑 ·················································································1 
1.2.1 三维微图案化材料的发展概况···························································2 
1.2.2 三维微纳米图案的制备方法·······························································4 
1.2.2.1 传统刻蚀技术在三维微纳米图案构筑中的应用 ····························4 
1.2.2.2 新型三维刻蚀技术的发展 ·······························································5 
1.2.2.3 自组装技术在构筑三维微图案中的应用 ········································7 
1.2.2.4 图案化碳纳米管阵列的构筑··························································11 
1.3 呼吸图技术 ···································································································12 
1.3.1 呼吸图法构筑有序圆孔结构的机理·················································13 
1.3.2 呼吸图技术的影响因素 ····································································15 
1.3.2.1 环境湿度和溶液浓度的影响··························································15 
1.3.2.2 溶剂的影响 ·····················································································16 
1.3.2.3 聚合物分子结构的影响 ·································································16 
1.3.2.4 基底的影响 ·····················································································17 
1.3.3 成膜材料 ····························································································18 
1.3.3.1 聚合物材料 ·····················································································18 
1.3.3.2 金属纳米材料 ·················································································19 
1.3.3.3 有机小分子材料 ·············································································20 
1.3.3.4 无机碳材料 ·····················································································20 
1.4 本论文主要工作 ···························································································21 
参 考 文 献..........................................................................................................24 
第二章 实验方法与表征 .....................................................................................36 
2.1 试剂 ···············································································································36 
2.2 仪器与表征 ···································································································37 
















2.4 聚苯乙烯-b-聚丙烯酸嵌段聚合物（PS-b-PAA）的合成及表征 ·············38 
2.4.1 PtBA 的合成及其表征 ·······································································38 
2.4.2 PtBA-b-PS 的合成及其表征 ······························································39 
2.4.3 PtBA-b-PS 水解为 PS-b-PAA·····························································39 
2.5 三维有序 SIS 多孔薄膜的构筑、硫化与性能测试 ···································40 
2.5.1 二维有序 SIS 多孔薄膜的构筑·························································40 
2.5.2 三维有序 SIS 多孔薄膜的构筑·························································41 
2.5.3 硫化交联三维有序 SIS 多孔薄膜 ·····················································41 
2.5.4 硫化后 SIS 薄膜的性能测试·····························································41 
2.6 图案化碳纳米管阵列的构筑 ·······································································41 
2.6.1 有机无机杂化多孔膜的制备·····························································42 
2.6.2 杂化多孔膜的交联 ············································································42 
2.6.3 蜂窝状无机氧化物薄膜的制备·························································42 
2.6.4 图案化碳纳米管阵列的制备·····························································42 
参 考 文 献..........................................................................................................43 
第三章 静态呼吸图法制备三维有序聚合物多孔薄膜 .....................................44 
3.1 引言 ···············································································································44 
3.2 静态呼吸图技术构筑二维有序 SIS 多孔薄膜 ···········································45 
3.3 三维有序 SIS 多孔薄膜的构筑与硫化交联 ···············································47 
3.3.1 静态呼吸图技术构筑三维有序 SIS 多孔薄膜 ·································48 
3.3.2 硫化交联三维有序 SIS 多孔薄膜 ·····················································49 
3.3.3 硫化反应的表征 ················································································53 
3.3.4 硫化后三维多孔 SIS 薄膜的性能测试 ·············································55 
3.4 借助其它模板构筑 SIS 三维多孔薄膜 ·······················································56 
3.5 三维多孔薄膜的功能化 ···············································································60 
3.6 本章总结 ·······································································································60 
参 考 文 献..........................................................................................................63 
第四章 图案化碳纳米管阵列的制备 .................................................................70 
















4.2.1 蜂窝状 PS-b-PAA/Cp2Fe 杂化多孔膜的制备 ···································73 
4.2.2 紫外交联 PS-b-PAA/Cp2Fe 杂化多孔膜 ···········································74 
4.2.3 煅烧制备蜂窝状 Fe2O3 模板 ·····························································76 
4.3 CVD 法原位生长碳纳米管阵列···································································78 
4.4 模板法制备可控碳纳米管阵列图案 ···························································80 
4.4.1 单束独立的碳纳米管图案 ································································80 
4.4.2 蜂窝状的碳纳米管图案 ····································································82 
4.5 图案化氮化硼纳米管阵列的展望 ·······························································84 
4.6 本章总结 ·······································································································84 

















Table of Contents 
 VIII
Table of Contents 
 
Chapter I Introduction·············································································1 
1.1 Introduction·····································································································1 
1.2 Construction of 3D micro/nanopatterns ·······················································1 
1.2.1 Developments of 3D micro/nano-structured materials····························· 2 
1.2.2 Preparing processes of 3D micro/nanopatterns ········································ 4 
1.2.2.1 Conventional lithography techniques···················································· 4 
1.2.2.2 Novel 3D lithography methods ····························································· 5 
1.2.2.3 Self-assembling ···················································································· 7 
1.2.2.4 Construction of micropatterned carbon nanotube arrays ····················· 11 
1.3 Breath figure technique ················································································12 
1.3.1 Mechanism of breath figure process ······················································ 13 
1.3.2 Factors affecting film morphology and pore size ··································· 15 
1.3.2.1 Relative humidity and solution concentrations ··································· 15 
1.3.2.2 Solvents ······························································································ 16 
1.3.2.3 Polymer structures ·············································································· 16 
1.3.2.4 Substrates···························································································· 17 
1.3.3 Film-forming materials ·········································································· 18 
1.3.3.1 Polymers ····························································································· 18 
1.3.3.2 Colloidal nanocrystals········································································· 19 
1.3.3.3 Small organic molecules ····································································· 20 
1.3.3.4 Inorganic carbon materials·································································· 20 
1.4 Research contents of this thesis····································································21 
References ············································································································24 
Chapter II Experimental methods and Characterization ·················36 
2.1 Materials ········································································································36 
2.2 Apparatus and characterization ··································································37 
2.3 Hydroboration and characterization of SBS ··············································38 
2.4 Synthesis and characterization of PS-b-PAA··············································38 
2.4.1 Synthesis and characterization of PtBA ················································· 38 
2.4.2 Synthesis and characterization of PtBA-b-PS ········································ 39 
2.4.3 Hydrolysis of PtBA-b-PS to PS-b-PAA ················································· 39 
2.5 Construction of robust 3-dimensionally micropatterned SIS films··········39 
2.5.1 Preparation of honeycomb films from SIS on flat surfaces···················· 40 
2.5.2 Preparation of 3D honeycomb films over nonplanar substrate··············· 41 













Table of Contents 
 IX
2.5.4 Thermal and solvent treatment······························································· 41 
2.6 Construction of micropatterned carbon nanotube arrays ························41 
2.6.1 Preparation of honeycomb structured hybrid films ································ 42 
2.6.2 Photochemical crosslinking of micro-structured hybrid films················ 42 
2.6.3 Pyrolyzing and preparation of honeycomb structured inorganic films ··· 42 
2.6.4 Preparation of carbon nanotube arrays··················································· 42 
References ············································································································43 
Chapter III Preparation of 3D highly ordered microporous polymer 
films by static breath figure method·····················································44 
3.1 Introduction···································································································44 
3.2 Construction of 2D micropatterned SIS films············································45 
3.3 Construction of 3D micropatterned SIS films and vulcanization·············47 
3.3.1 Construction of 3D micropatterned SIS films by static breath figure 
method············································································································ 48 
3.3.2 Cross-linking micropatterned polymer films via vulcanization·············· 49 
3.3.3 Characterization of cross-linking ··························································· 53 
3.3.4 Thermal and solvent treatment of cross-linked SIS microporous films·· 55 
3.4 Construction of 3D micropatterned SIS films on other templates ···········56 
3.5 Functionalization of 3D micropatterned polymer films ····························60 
3.6 Conclusions ····································································································62 
References ············································································································63 
Chapter IV Preparation of micropatterned carbon nanotube arrays
···················································································································70 
4.1 Introduction···································································································70 
4.2 Preparation of honeycomb structured Fe2O3 films····································73 
4.2.1 Preparation of honeycomb structured PS-b-PAA/Cp2Fe hybrid films···· 73 
4.2.2 Photochemical crosslinking of PS-b-PAA/Cp2Fe hybrid films ·············· 75 
4.2.3 Pyrolyzing and preparation of honeycomb structured Fe2O3 films ········ 76 
4.3 In-situ preparation of carbon nanotube arrays by CVD process ·············78 
4.4 Patterned carbon nanotubes with adjustable arrays·································80 
4.4.1 Isolated carbon nanotube bundle arrays ················································· 80 
4.4.2 Honeycomblike skeleton of the dense carbon nanotube arrays ·············· 82 
4.5 Prospects of micropatterned boron nitride nanotube arrays preparation84 
4.6 Conclusions ····································································································86 
References ············································································································87 











































































图 1-1 不同应用领域及特征尺寸的微图案化方法。 
1.2.1 三维微图案化材料的发展概况 
1987 年，Yablonovitch 在 Physical Review Letters 上提出了光子晶体的概念
[38]。光子晶体（Photonic crystal）由不同介电常数的介质材料在空间按一定的周
期排列而成，与半导体具有电子能带和带隙一样，光子晶体也具有光子能带及光
子带隙（Photonic band gap, PBG），当光的频率位于光子带隙范围内，它将不能
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